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SnWMRT 

Balloon Model with Thro Different 

Tall Arrangements 

Five-Foot Wind Tunnel Tost Mo.  gH 

■ 

• < 

The barrare balloon model designed and built by the Materiel Division 

was tested,to determine Its longitudinal and direotloaal stability. Three 

different tall Arrangement« were tested on the model« 

The first tall arrangement consisted of two horizontal and two vertical 

fins aa shown In photograph No. 69566, A.C. Drawing Mo. SI4O096I. This arrange- 

ment was unstable about the center of buoyancy. 

The second tail arrangement consisted of two horiiontal and two Tertloal 

flna as shown in photograph No* 69569, A.C. Drawing No. sltlHZl-1. The model 

with this tail arrangement is longitudinally and direotlonally stable for 

uncles of pitoh or yaw from 0 to ♦ 20 degrees. Higher angles were not tested* 

The third tail arrangement consisted of two horiiontal, on* upper and 

two lower fins as shown In photographs No. 69570 sad 69571. A.C. Drawing 

No. sUlH21-2. The only difference between this condition and the previous 

one was the additional fin on the bottom. This change had no appreciable 

affeot on the longitudinal stability but increased the directional stability 

about h0 per cent. The drag however was also increased about 20 per cent. 

DATB8 AWD PLACB OF TEST 

This test was oonducted In lite Fire-Foot Wind Tunnel at Virlght Field 

from June aU to August 8, I9I4O. 

OBJECT 

The object of this test »us to determine the best of three different 

tail arrangements for a barrage balloon. 

RESTRICTED-.  / ji*U 



T SENAL NO.     Ii636 **EU 

DESCRIPTION OF 110EEL 

The envelope MI turned from. aahogeny and hollowed out to • wall thlok- 

ne«« of 5/fe inoh.    Thelbaeio envelope, used for «11 nodal condition«, hed a 

amxlaua dieaeter of 9 inch«« and length of 26.6 inohea.   Tha two type« of 

fIna uaod wer« wade according to A.C. Drawings No«. 81*00963 and 8^00111*0. 

The tio-ln aeama of SUOG963 fin« wer« and« to run approximately parallel to 

the envelope oontour at the «ft end, while the SUOGllhO flna had tha ««an« 

running parallel to the envelop« axia.    The three different model condition» 

oonalated of the following teil arrangement«. 

Condition 1.    A.C. Drawing Ho. 81400961.    Two horifontal and two v«rtical 

fine of the 3iiD096? type.    6«« photograph No. 69568. 

Condition g.   A.C. Drawing No. SU0R21-1.    Two horiiontel end two rertlael 

fine of the SUoOllltf) type.    See photograph Ho. 69569. 

Condition 3«   A.C. Drawing Mo* SJ4OH21-2.    Two horiiontal, one upper »nd 

two. lower fine of the SkOGlli*0 type, the upper one wea vertioal. while eeah 

lower one wea at en eagle of 25 degrees to the vertical.    See photographs 

No«. 6957O end 6957I. 

PROCEDURE 

The aodel was Mounted on the N.P.L. Balanoe by a apindle ettaehad at 

the oenter of bnoyanoy, er referred to later in thie r«port a« "CR" or 

center of rotation.    The alrapeedwaa 50 m.p.h. for ell teste. 

For eaoh of the three oondltlens given in the "DESCBIPTIQN OF sTOD^l/", 

oroaa wind foroe, drag and yawing avnanta about tha CR ware observed for a 

range of yaw angle« fron 0 to i 20 degress with the aodel «et at 0, ♦ 10, 

and * 20 degree« pitch.    For th« first «nd «eoond condition the nodal 

ItWi ayanetrieal in all four quadranta end hence pltBning noaant« were not «eesured 

but merely a««uaed to be equal to the corresponding yawing aoaent«. For the 

third condition, thie symmetry did not exist, one fin was on top and two 

«•:•:•■■■•'-"•■      ~4° 
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war« on botton and henoe the model had to be tested for pitohinj moments also. 

The range of pitoh anglea «aa from 0 to ± 20 degrees at cero degrees yaw. 

A aerlea of tests were also made to determine splndls Interference on eroai 

wind force« drag and yawing momenta. The measured values were then oorreoted 
■ 

to eliminate the interference factor from the final values 

Discussion op RESULTS *~— 

Condition 1. Proa graph U at aero degreea pitoh, the model is unstsble 

about the GK for yaw angles up to ±  11 degrees, and unstable up to ± 9 degreea 

at ♦ 10 degrees pitoh. At ♦ 20 degrees pitch, hovsver, it la neutrally stable 

for angles of yaw up to about ± k degreea. As the yaw angle is increased, the 

model becomes mors stable. 

Condition 2. From graph 8 the model is stable about the CR for all yaw 

angles tested, at 0, * 10', and *20 degrees pitoh. 

Condition 3. Comparing graph IS with graph 6, it ia noted that the 

stability of oonditlon 3 i» lnoreeaed about 1*0 per cent over that of 

condition 2, at small angles of yaw. This is due to the additional fin on 

the bottom. 

Graph 16 indicates the longitudinal atabllity la about the same magni- 

tude aa the dlreotional stability for this third model oonditlon with five 

fins. -■» 

It Is also noted that for all tail arrangements tested, an increase in 

directional stability results from an increase of pitch angle, particularly 

for small yaw angles. 

The set drag of the model at aero pitoh and aero yaw ia ineraaesd 

30 per cant fron condition 1 to oonditlon 2 and 59 per cant from condition 1 

to condition 3« 

CONCLUSIONS 

Modal condition 3. that i. with fiv. fin. .. .hown on A.C. Drawing 

I'ftl J in 
- * **  sf 1?      T W » 
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threa condition« tested,    RM».      " . « - toted.    Howerer. „odal eondltlon 2 ^ ^ ^^ 

Driving io. BUUKl-l. photograph*,. 69569 ha. 1. R .P   no. 09569 ha« 1«., drag but th# BUblll^ 

i« also d««reaaed.    Model condition i     . „    ~ 

No. *** i. l«a«t «taU. o, *. thre« ^^ ^    ^ 

-«hi. «^ th. oentw or *Wy .t Wo ^ -    ^ ^ 

«P to ± 11 decree«. „d m^hl9       to 

** * o«gra«« «t ♦ 10 decree, pitch. 
At  20 r^rea« pitch it i, neutrally «t.hl.  fb. 

y ftr yaw an«la« «P to ± 1» dagra... 

i 

\Air Corp« Drawing«, 

: 

. 

9?--40 . 



Se«AL. NO.  itoyo 

WINP TUNNEL NOMENCLATURE 

d = diameter of wind tunnel at teat section a** 5 ft. 
S = wing area — sq. ft. 
b saa wring span—ft. 
C =s mean aerodynamic rhord—It (m.j.ci 
E. M. A. R.  = equivalent monoplane aspect ratio 
a = angle of attack of longitudinal reference axis to «rind—deg. 
* t= angle of yaw relative to wind~-deg. 
a* = angle of rudder relative to neutral position—deg. 
iK as angle nf elevator relative to stabilizer—deg. 
ii sac angle of stabilizer relative to longitudinal reference axis—-deg. 
» *= airspeed—ft per ace. 
V a=» airspeed—m. p. h. 
W « weight of full scale airplane -l>>. 
at" «a pitching moment- - Ih.-f t. 
S at yawing moment—lb.-ft. 
L as rolling moment—lli.-ft. 
p = mass density of air—slugs per cti. ft. = .00237$ (standard air) 
q > »V*/2 •— lb. per sq. ft. 
C. ■- lift coefficient •** I it t/q.S 
Co ' =* tins' coefficient =■ Drag/qS 
Ci- = crosa-wind force coefficient = Cross-wind force /qS 
An aaa PranchTs »all correction for angle of attack 

57.JSC 
-   CH-~~(—-] +    • J 

<WG£ 

ACo rrction for drs 
2.d' 

> I'ramJil's «all correction for drag coefficient 
SQ.' 

fi -*- -r— f — J H- 

L/P 
C 
c. 
c, 
AC/A, 

AC«/-* 

AC^ata 

2»d» 
=» lift/drag   ratio =» Q/C» 
= pitching moment coefficient =» J*/«jeS 
ss> yawing moment coefficient as N/qbS 
aa> rolling moment coefficient ass L/qbS 
■» slope of "pitching moment versus angle of attack" curve at trim 
= »loj«» of "yawing moment versus angle of yaw" curve at zero yaw 
=m slope of "yavriiiff moment due to rudder versus rudder angle" curve at zero rudder angle 

Q« 
CJM «a« induced drag coefficient «- ■   - ■ - ■ —   - 

1-XE.M.A. R. 
Ci* = profile drag coefficient 
Co» =» parasite drag coefficient «= C'n — (Cpi -f- Co») 
A. = equivalent flat pkate area «= Cp, S/l .279 
Poatlve distances are u|«tr«un. upward and to right viewed from the rear 
Positive forces are downstream, upward and to right viewed from the rear 
Positive pitching moment is a stalling moment 
Positive yawing moment is clockwise viewed from above 
Positive rolling moment is clockwise viewed from the rear 
Positive angles are in the same direction as moment.s 
Positive stabilizer setting is with leading edge up referred to longitudinal reference axis 
Positive elevator setting is with trailing edge down referred to stabilizer 
Positive rudder setting is with trailing edge left referred to neutral position and viewed from the rear 
.Angle of attack of thrust line is referred to wind 

wrfrti n.u S.1T-SMS* Aug. 1,1837 
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Liet of Photograph» 

Photo Number Title 

Top view of Beri-ßge Balloon Model with four fin«, 

AC Drawing No. SUOO9631    Aaaenbly, AC  Drawing 

No. 8UO096ir^ 

Top view of Barrage Balloon Model with four fin«, 

1 AC Drawing No. SJiOGllLOj Assembly, AC  Drafting 

No. SU1H21-1. 

Top via« of Barrage Balloon Model with five fine, 

AC Drawing No. SUOGllijDi Assembly, AC  Drawing 

No. SblH£l-2. 

Side view of Bee-re ;e Balloon Model with five fine, 

AC Drawing No.  sUOQllliOi Assembly, AC  Drawing 

No.  SIUH21-2. 
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f k2S n<IS;:al' 37264 /{-~'ii"D· mLE: Test of Materiel Division Barrage Balloon Model With Three Different Tall 
_ Arrangements 5 Foot Wind TUnnel Test No. 253 /2. q WV I ;:;:;:;1 

f-.wtHOR(Sf: Young, D. W. · 
5iiL..A.2ss1-EXP-llii-ORIGINATING AGENCY: Engineering Division, Air Materiel Command 

PUBLISHED BY: Air Materiel Command, Wright-Patterson Air Force Base, Dayton, 0. ~ ... = ... .... I oo<. CIAa I COUimT I E:."""" I 4'2 I =~-tables dlurs o:ranhs Mav 1 41 ~ u.s. 
ABSTRACT: 

nJ Tests were made lo determine the best of three dilferent tall arrangements for a barrage balloon. 
The first arrangement consisted of two horizontal and two vertical fins. This arrangem•nt was ~--~ 
unstable about the center of buoyancy. The secon~ tat1 arrangement, consisting of two different 
hormontal and vertical fins, was longitudinally and directionally stable for angles of pitch or yaw 
from 0 to ± 20". Higher angles were not tested. The third taU arrangement consisted of two horl-
zontal, one upper and two lower fins. The only dilference between this condition and the prevtous 
one was the additional fin on the bottom. This change had no appreciable effect on the longitudinal 
stabUity but Increased the directional stability about 40%. The drag was also Increased ~t 20%. 
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